Abstract. Freezing of gait (FoG) is a common gait impairment among patients with advanced Parkinson's disease. FoG is associated with falls and negatively impact the patient's quality of life. Wearable systems that detect FoG have been developed to help patients resume walking by means of auditory cueing. However, current methods for automated detection are not yet ideal. In this paper, we first compare feature learning approaches based on time-domain and statistical features to unsupervised ones based on principal components analysis. The latter systematically outperforms the former and also the standard in the field -Freezing Index by up to 8.1% in terms of F1-measure for FoG detection.
Introduction
Freezing of gait (FoG) is a common gait impairment among patients with Parkinson's disease (PD), defined as a "brief, episodic absence or marked reduction of forward progression of the feet despite the intention to walk" [18] . Patients describe FoG as the feeling of having the feet glued to the ground and being temporarily unable to re-initiate gait. According to a survey of 6620 PD patients, 47% of the subjects reported regular freezing and 28% experienced FoG daily [13] . FoG is associated with falls [12] , has substantial clinical and social consequences [6, 15] and is often resistant to pharmacological treatment [2] .
Rhythmic auditory stimulation (RAS) was introduced as an assistive tool for FoG treatment [8] . RAS can be applied to produce a rhythmic ticking sound upon detection of a FoG episode, to help the patient resume walking. Wearable systems based on motion sensors have been proposed for the detection and treatment of FoG with auditory stimulation [1, 11] . While RAS upon detection helps to shorten the duration of FoG episodes [1], it cannot avoid them altogether due to the latency of the detection, which is at best on the order of hundreds of milliseconds [11] . A step further is to predict when a patient is about to experience FoG, thus enabling preemptive RAS, with the goal of avoiding the FoG episodes. We call this FoG prediction as opposed to FoG detection.
There are some known specific properties that differentiate the sensor data during FoG episodes from normal walking (e.g., a large increase in the signal energy in the 3-8Hz frequency band [9, 15] ) and the gait of patients with FoG also differs between freezing episodes, compared to patients who do not experience FoG [10] . There are even suggestions of a characteristic change in the gait pattern just prior to the occurrence of a FoG episode; however, currently, there is no way of automatically identifying the prodromal state, when the normal gait pattern is about to transform into FoG.
The lack of physiological understanding of the gait deterioration preceding FoG makes it difficult to come up with a model or with problem-specific features based on expert knowledge. Moreover, walking styles of PD patients differ across subjects (including diverse motor anomalies) [17] . Thus eventual patterns in the data just before a FoG event will also likely be highly subject-specific. Nevertheless, previous work suggests that there is a deterioration of the normal gait before FoG, although this deterioration can be expressed in various ways [17] [18] [19] .
In this work, we first formulate the FoG detection problem as a two-class classification problem: FoG versus normal locomotion. Similarly, we treat FoG prediction problem as a three class classification problem. Beside FoG and normal locomotion, we consider the walking periods before FoG episodes as a third class called pre-FoG. We hypothesize that there is a detectable deterioration of gait in this phase which precedes FoG. We assume different durations of the preFoG events, since these cannot be labeled by an expert, but can rather only be retrieved through data mining from segments of data preceding FoG events. We focus on the analysis of different feature extraction approaches that lead to a meaningful representation of both the FoG and the new pre-FoG class. The feature extraction approaches that we investigated are the following: formation from the raw data, without relying on domain specific knowledge, or on the availability of ground truth annotations. We evaluate the use of principal component analysis for extracting a compact representation of the structure of the signals.
